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Abstract 
Hydrogeological investigation have been carried out in Dantewada district. Groundwater samples were collected 
from selected locations in month of September 2013 and analyzed for major and minor cations & anions. Piper 
Diagram identified Ca-Mg-HCO3  dominantin water in most of the samples. The dominance of anions and 
cations were of the order of HCO3
-
> SO4
2-
>Cl
-
> NO3
-
> PO4
2-
 and Mg
2+
>Ca
2+
> Na
+
> K
+
.Ionic plots indicating the 
predominance of alkaline earth over alkali and bicarbonate is due to the reaction of the feldspar minerals with 
carbonic acid in the presence of water. Water chemistry is guided by complex weathering process, ion exchange 
along with influence of geochemical condition. 
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1. Introduction 
Water quality analysis is one of the most important aspects in groundwater studies. The hydro chemical study 
reveals quality of water that is suitable for drinking, agricultural and industrial purposes. Further, it is possible to 
understand the change in (Kelley et al., 1940, Wilcox et al., 1948) quality due to rock interaction or any type of 
anthropogenic influence. Groundwater often consists of seven major chemical elements- Ca
2+
, Mg
2+
, Cl
-
, HCO3
-
, 
Na
+
, K
+ 
and SO4
2-
. The chemical parameters of groundwater play a significant role in classifying and assessing 
water quality. The chemical composition of groundwater is controlled by many factors, including the 
composition of the precipitation, geological structure, mineralogy of the watersheds, aquifers and geological 
process within the aquifers along with influence of external pollution agencies like effluent from agricultural 
return flow, industrial and domestic activities. An understanding the geological evolution of groundwater is 
important for a sustainable development of water resources in the present state of art. Demarcating the character 
of the groundwater in varied space was proved to be an important technique in solving different geochemical 
problems (Chebotarev1955., Hem 1959., Back and Hanshaw 1965., Srinivasamoorthy et al 2011). 
Chemical Classification also throws light on the concentration of various predominant cations, anions 
and their interrelationship. A number of techniques and methods have been developed to interpret the chemical 
data. Presentation of chemical analysis in graphical form makes understanding of complex groundwater system 
simpler and quicker. Methods representing the chemistry of water like Collin’s bar diagram (Hem 1985, 
Zaporozee 1972) radiating vectors of Maucha (Maucha 1950) and parallel and horizontal axes of stiff ( Stiff 
1940) have been used in many parts of the world to show the proportion of ionic concentration in individual 
samples. 
The objective of the present work is to discuss the major ion chemistry of groundwater of Dantewada 
district. In this case the methods proposed by Piper, Box tables and statistical analysis along with stoichiometric 
ratio method used to study the critically the hydro chemical characteristic of groundwater of study area.  
•  The distribution of major, minor and trace elements in the crystalline bedrock groundwater’s of study 
area. 
• Extent in groundwater chemistry dependent on aquifer lithology. 
• Possible factors of variations of Concentration of ions in water. 
 
2. Study Area 
Dantewada district is located in the Southern part of the Chhattisgarh state between longitude (East) 80° 10’ to 
82°10’   Latitude (North) 17° 09’ to 18° 04’.The total geological area covered by this district is 10827.71 sq.km. 
The major sources of employment are agriculture, animal husbandry and mining of iron ore which engage almost 
85% of the workforce. Occurrence, movement and storage of groundwater are influenced by lithology, thickness 
and structure of rock formation. Weathered and fractured granities, grantitic gneiss, igneous rocks form the main 
aquifer in study area.(Figure 1)    
 
3. Materials & Method 
Groundwater samples were collected from 40 locations of Dantewada district during September 2012. The 
collected samples were filtered with Watmann filter paper 41 and immediately stored in polyethylene bottles and 
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analyzed for major and minor cations & anions using standard procedures (APHA, 1995). Ion like bicarbonate, 
chloride, calcium and magnesium were analyzed using titration. Sulphates and Phosphate were determined by 
the using of spectrophotometer Nova 60. Sodium & Potassium were determined by using flame photometer 
Elico CL-361. The analytical precision for the measurements of ions was determined by calculating the ionic 
balance error that varies by about 5-10%. 
 
4. Result & Discussion 
Box plots were used to represent temporal concentration of the major ions (Figure 2). The upper and lower 
quartiles of the data define the top and the bottom of a rectangle box. The line inside the box represent the 
median value and the size of the box represent the spread of the central value ( Taheri and Voudouris., 2008). 
The ions like Mg
2+
, Ca
2+
,  HCO3
- 
and  SO4
2-
 shows increasing trend due to the effective leaching from rock 
matrix along with anthropogenic activities ( Srinivasmoorthy et al., 2011).  HCO3
-
 is mainly formed due to the 
action of atmospheric CO2 and CO2 released from organic decomposition (Bouwer, 1978). Concentration of 
SO4
2-
 indicates lithogenic sources of sulphate noted in the study area. (Srinivasmoorthy et al., 2008). Nitrogen in 
groundwater derived from organic industrial effluents, fertilizers or nitrogen-fixing bacteria leaching of animal 
dung sewage and septic tanks through soil and water matrix to groundwater. In general, increase of nitrate in 
groundwater may be an indicator of bacterial pollution (Sundaray et al., 2009). The large variations in mean, 
median and standard deviation values of ions suggest that the water chemistry in the study region is 
heterogeneous and influenced by complex hydro chemical process and complex contaminants sources 
(Vasanthavigar et al., 2012)   
Maximum and minimum concentration of major ions present in the groundwater from the study area is 
present in Table 1. The Piper –Hill diagram is used to infer hydro-geochemical facies. These plots include two 
triangles, one for plotting cations and anions fields are combined to show a single point in a diamond shaped 
field, from which inference is drawn on the basis of hydro-geochemical facies concept. These tri-linear diagrams 
were useful in bringing out chemical relationships among groundwater samples in more definite terms rather 
than with other possible plotting methods. Chemical data of representative samples from the study area presented 
by plotting them on a Piper-tri-linear diagram. (Figure 3) 
This diagram reveals the analogies, dissimilarities and different types of water in the study area, which 
are identified and listed in Table 2. The concept of hydro chemical facies was developed in order to understand 
and identify the water composition in different classes. 
Facies are recognizable parts of different characters belonging to any genetically related system. 
Hydrochemicalacies are distinct zones that possess action and anion concentration categories. The interpretation 
of distinct facies from the 0 to 10% and 90 to 100% domains on the diamond-shaped cation to anion graph is 
more helpful than using equal 25% increments. The percentage of samples failing under Ca-Mg-type was 100. 
HCO3-type of water predominant with 70%. The reason is groundwater passing through igneous rocks dissolves 
only small quantities of matter because of the relatively insolubility of the rock composition. The variation of 
concentration of ions is due to the weathering and leaching of granites rocks and maximum contact time of 
aquifers. 
4.1 Ionic Ratios 
The (Ca+Mg) versus TZ
+
 ( Total Cations) plots ( Figure 4A) shows that the contribution of alkalis (Na and K) as 
like that of alkaline earth (Ca+ Mg) due to leaching from silicates weathering from the aquifers of the study area. 
In the plot for (Ca+Mg) versus HCO3
-
(Figure 4C), indicating the predominance of alkaline earth over 
bicarbonate due to silicate weathering. Major representations in bicarbonate is also due to the reaction of the 
feldspar minerals with carbonic acid in the presence of water, releasing HCO3
-
(Elangoer al., 2003). The plot for 
(Na+K) versus TZ
+
( Figure 4B)indicates weathering of both alkali and alkaline earth from Feldspars along with 
additional sources from alkali/ saline soil and residence time. The plot Ca+Mg versus SO4+HCO3( Figure 4D) , 
the pointer of ion exchange process shits the points to the right side of the plot due to excess SO4+HCO3. The 
reverse ion exchange is the process points shifts due to excess Ca+Mg and excess of bicarbonate. The overall 
plots confirm that Ca, Mg and Na concentration in the groundwater is derived from aquifers materials 
( Srinivasamoorthy et al., 2008) 
 
5. Conclusion 
The study shows that the quality of water varies from locations to locations. In the present situation, few water 
sources are not safe for use in respect to higher nitrate, magnesium and calcium content which may lead to poor 
drinking water quality. It is suggested the groundwater should be analyzed to check pot ability. So that it become 
suitable for domestic purpose. It can reveal from the present study that the contamination problem is not 
alarming at present but groundwater quality may deteriorate with time. Therefore periodical monitoring can help 
to avoid contamination of groundwater of the region.    
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Figure1. Location, geology and sampling point of the study area. 
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Figure 2. Box plots for the major ion constituents in groundwater. 
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Figure 3.Geochemical classification of groundwater by Piper’s diagram (1944). 
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Figure 4. (A-D) Inter-relation of ions. 
 
Table 1. Maximum and Minimum concentration of major ions in groundwater samples 
 
S.No Ions Min Max 
1 Na
+
 7.3 69.2 
2 K
+
 1.2 12.6 
3 Ca
2+
 39 145 
4 Mg
2+
 58 162 
5 SO4
2-
 166 376 
6 Cl
-
 12.1 148.1 
7 HCO3
-
 147 478 
8 NO3
-
 12.5 56.4 
9 PO4
3-
 0.4 4.5 
 
 
Table 2. Characterization of groundwater of Dantewada district on the basis of Piper tri-linear diagram 
Subdivisionof 
the diamond Characteristic of corresponding subdivision of diamond-shaped fields 
Percentage of 
samples in this 
category 
1 Alkaline earth (Ca+Mg) exceed alklies (Na+K) 100 
2 Alkalies exceeds alkaline earths 0 
3 Weak acids (CO3+HCO3) exceeds Strong acids (SO
-
4+Cl
-
) 70 
4 Strong acids exceeds weak acids 30 
5 Magnesium bicarbonate type 50 
6 Calcium-Chloride type 35 
7 Sodium-Chloride type 0 
8 Sodium-Bicarbonate type 0 
9 Mixed type (No cation-anion exceed 50%) 15 
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